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Avian Use of Exotic Street Treescapes 
in Metropolitan Areas of Phoenix, Arizona
Brian E. Washburn1*, Kristen A. Hoss2, and David L. Bergman3
Abstract - Urban areas are highly modified environments that are strongly influenced by a variety 
of anthropogenic factors. Consequently, these areas contain unique wildlife communities typically 
dominated by species that are generalist in nature or highly adaptable. We examined the use of five 
species of exotic treescapes by exotic and native birds in metropolitan areas of Phoenix, Arizona. 
House Sparrows [Passer domesticus (37%)], European Starlings [Sturnus vulagris (27%)], Mourn-
ing Doves [Zenaida macroura (11%)], and Great-tailed Grackles [Quiscalus mexicanus (7%)] were 
the most frequently observed species during the study. Approximately two-thirds (67%) of the birds 
observed during the study were exotic species. Avian community composition and diversity associ-
ated with these streetscapes varied among the tree species. Growth habits and other characteristics 
of the trees themselves, in addition to the landscaping components beneath and adjacent to the street 
trees, influenced bird use of these habitats in this highly urbanized desert environment. Our findings 
demonstrate that exotic street treescapes might provide some ecological value to urban birds.
Introduction
 As human populations increase, the growth of urban landscapes is occurring at an ac-
celerating rate throughout the world and has created major environmental concerns (Grimm 
et al. 2008, McKinney 2002). Urbanization of landscapes results in an overall loss of biodi-
versity, especially notable for avian and insect communities (Chace and Walsh 2006, Czech 
et al. 2000, McKinney 2002). Within highly urban matrices, birds (and other wildlife) use 
a variety of semi-natural and man-made habitats, including natural habitat fragments, road-
sides, railways, golf courses, parks, green roofs, gardens, and landscaped areas (Fernandez-
Juricic and Jokimaki 2001, Hudson and Bird 2009, Meffert and Dziock 2012, Vallego et 
al. 2009, Washburn et al. 2016). Many of these habitats are small in size (e.g., <1 ha) and 
contain exotic vegetation planted for aesthetic values (Dunnett and Kingsbury 2004, Green 
and Baker 2003, Ikin et al. 2013). 
 Street trees (i.e., trees growing along streets) in suburban environments can influence 
local populations of wildlife, including both exotic and native species (Fernandez-Juricic 
2000, Murgui 2007, White et al. 2005). Streetscapes that include trees and other woody veg-
etation can serve as a functional, intermediary habitat between urban parks and streetscapes 
with no vegetation (Fernandez-Juricic 2000, Murgui 2007) and can mitigate the negative ef-
fects of anthropogenic noise (e.g., vehicle traffic) on avian communities (Pena et al. 2017). 
In addition, wooded streetscapes might constitute a functional habitat corridor for some bird 
species, facilitating their movement through the urban matrix and providing small parcels 
of habitat (Fischer and Lindenmeyer 2002, Sodhi et al. 1999, White et al. 2005). 
 Vegetation (e.g., street trees) in highly urbanized areas is especially vulnerable to cli-
mate change because many species rely on irrigation and other resource-heavy management 
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practices, especially in desert environments (Niinemets and Penuelas 2008, Van der Veken 
et al. 2008). Consequently, the selection of exotic species is common when urban planners 
are evaluating what species to use in urban projects (Arizona Municipal Water Users As-
sociation 2004, McPherson and Berry 2015, McPherson et al. 2017). However, the value of 
exotic street trees and other vegetation to wildlife, especially birds, is generally unknown 
and is in need of evaluation.
 We investigated the composition and diversity of avian communities using small groups 
of exotic street trees (i.e., treescapes) during an entire year at locations in a highly urbanized 
area within a desert environment. The objectives of this study were to quantify (1) bird use 
(e.g., abundance), (2) avian diversity, and (3) bird activities and foraging guilds associated 
with five exotic treescapes commonly used for landscaping in urban environments. 
Methods
 This study was conducted in Maricopa County and the City of Phoenix, which is located 
in south central Arizona, USA (33° 27' N, 112° 03' W). Phoenix is located in the Sonoran 
Desert and historically the natural vegetation of the area was a combination of Lower and 
Upland Sonoran plant communities as well as vegetation associated with riparian corridors 
(Brown, 1994). The study area has a hot and dry climate and an average annual precipitation 
of 204 mm. Air temperatures in the study area average 30.8°C during summer and 11.3°C 
during winter months (Arizona State Climate Office 2018). Approximately one-half of the 
annual precipitation that falls in the Phoenix metropolitan area occurs during the summer 
months as monsoons, often resulting in flash flooding along waterways and drainage areas. 
Exotic Tree Species
 We located sites within the Phoenix metropolitan area where the candidate tree species 
were currently growing in a street-tree setting. From a larger pool of candidate study sites (i.e., 
streetscapes), we selected a total of 20 similar observation locations (4 replicates of each of 5 
exotic street tree species) that were located in business areas, along major roadways (i.e., 4-lane 
roads) and contained only one of the exotic street trees. The five exotic tree species included in 
this study were: Shoestring Acacia (Acacia stenophylia A. Cunn ex Benth), Evergreen Elm (Ul-
mus parvifolia Jacquin), Mulga (Acacia aneura F. Muell. ex Benth), the Sissoo tree (Dahlbergia 
sissoo Roxb. ex DC), and Thornless Mesquite (Prosopis hybrid ‘Phoenix’ Linnaeus). These trees 
are commonly used in urban landscaping in hot, dry climates due to their drought tolerance and 
floristic characteristics (McPherson and Berry 2015, McPherson et al. 2017).
 The Shoestring Acacia is a fast-growing, slender upright tree that has evergreen leaves 
and is native to Australia (Arizona Municipal Water Users Association 2004). This tree 
thrives under conditions of intense desert heat and drought, is characterized by a low amount 
of litter fall, and provides filtered shade. Evergreen Elms (or Chinese Elms) are fast-growing, 
umbrella-like trees that have semi-evergreen foliage and are native to eastern Asia, includ-
ing China, India, Taiwan, Japan, North Korea, and Vietnam (Perry 1992). Mature Evergreen 
Elms have long, arching branches that provide dense summer shade. The Mulga is a thorn-
less, slow-growing large erect shrub (or small-size tree) that has evergreen leaves (Arizona 
Municipal Water Users Association 2004). Native to the deserts of Australia, during extreme 
dry periods, the Mulga drops much of its foliage to the ground, which provides a layer of 
mulch and allows for nutrient recycling. Sissoo trees are deciduous and grow to be large trees 
with dense, leathery leaves that produce heavy shade. Sissoo (also known as North Indian 
Rosewood) is native to India and tolerates the Phoenix summer heat very well (Perry 1992). 
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Thornless Mesquite trees are slower-growing, umbrella-like trees that have evergreen foli-
age. Although some Mesquite species are native to North America, Thornless Mesquites are 
native to Chile and Argentina (Arizona Municipal Water Users Association 2004).
Bird Observations
 During the study, we conducted 98 bird survey days (i.e., series of avian fixed area 
counts) centered on the 20 observation sites (Bibby et al. 2000, Ralph et al. 1995). Obser-
vations were conducted on one randomly chosen day per week (Monday through Friday) 
for a one-year period (8 April 2005–27 March 2006) at each location. We conducted these 
observations so that, during each survey day, one series of observations (survey) was made 
during the morning (06:00 to 12:00 h) and one series of observations was made during the 
afternoon and evening (13:00 to 19:00 h). Each survey consisted of a series of 5-minute 
fixed area counts at four pre-determined observation locations (replicates) that contained 
five individual trees of the same species (Fig. 1). During each individual 5-minute fixed area 
count, an observer walked very slowly through the survey area and recorded the presence, 
number, and behavior of all birds observed on or in the street trees, on the ground within 5 
m of, or flying within 25 m of the group of five trees. Birds observed during the fixed area 
count were placed into one of several activity categories, including: (1) flying (locally), (2) 
on the ground, (3) feeding on the ground, (4) perched in a study tree, (5) vocalizing in a 
study tree, (6) feeding in a study tree, or (7) nesting in a study tree. 
Nesting Observations
 During each 5–minute fixed area count, we noted any nesting activity by birds. After the 
observer completed the observations (at the end of each count) all bird nests were examined 
for activity using binoculars and/or a mirror on a telescoping pole to determine the status of 
the nest. The status (e.g., active or inactive), the species of bird using each nest, and the num-
ber of eggs or chicks (if present) were recorded for each nest observed during each survey.
Figure 1. Hypothetical example of 
a 5-minute fixed area count associ-
ated with a study of five exotic tree 
streetscapes in metropolitan areas 
of Phoenix, AZ, April 2005 through 
March 2006. Five individual exotic 
street trees of the same species were 
contained within the sampling area. 
All birds within the sampling area, 
here displayed as the dashed-line 
box, were counted and their activi-
ties recorded.
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 We compared the bird use (e.g., abundance) among the five exotic tree streetscapes (as 
a fixed effect) for each individual bird species and for all species combined, using repeated 
measures analysis of variance (survey day was the repeated factor) and Fisher’s Protected 
LSD tests (Neter et al. 1990, Zar 1996). Prior to conducting these analyses, we used Shap-
iro-Wilk tests (to ensure normality) and Levene’s tests (to ensure equality of variances) for 
dependent variables (Neter et al. 1990). We considered differences significant at P ≤ 0.05 
and conducted all analyses using SAS statistical software version 9.1 (SAS Institute, Cary, 
NC). Data are presented as mean ±1 standard error (SE).
 Bird species were divided into two groups, exotic and native. The exotic birds group 
consisted of House Sparrow (Passer domesticus Linnaeus), European Starling (Sturnus 
vulgaris Linnaeus), and Rock Pigeon (Columba livia Gmelin). The native birds group con-
sisted of all birds that are native to the Phoenix area. Although Inca Doves (Columbina inca 
Lesson) and Great-tailed Grackles (Quiscalus mexicanus Gmelin) arrived in the Phoenix 
area around 1885 and in the 1940s, respectively, we considered them to be native species 
as they came to the area through natural range expansions (Emlen 1974, Phillips 1950). 
We evaluated bird use patterns among exotic tree streetscapes for exotic and native species 
(individually) to determine if differences existed.
 We calculated bird species richness (S) associated with each of the five street trees. Com-
parison of avian species diversity was conducted by calculating the Shannon’s diversity index 
(H’), the Simpson’s diversity index (1/D), and the Berger–Parker dominance index (BP) for 
each of the five tree species (Gotelli and Entsminger 2001, Magurran 2004, Morris et al. 2014).
 We examined bird activities and compared the proportion of birds (all species combined) 
flying, using the trees, and on the ground among the five tree species using G-tests for in-
dependence (Sokal and Rohlf 2011, Zar 1996). In addition, we assigned all birds observed 
into foraging guilds using a standard classification (DeGraff et al. 1985). We compared the 
proportion of birds within avian foraging guilds among the five tree species using G-tests 
for independence (Sokal and Rohlf 2011, Zar 1996). 
 As the study progressed, we observed that the landscaping below the exotic street trees 
might be an important influence on bird use. Although 16 of the 20 observation locations 
had gravel landscaping, four of the locations (3 Shoestring Acacia and 1 Evergreen Elm) had 
manicured cool-season grass landscaping. We compared the bird use among the Evergreen 
Elm and Shoestring Acacia streetscapes with grass landscaping and gravel landscaping (tree 
species and landscaping type were fixed effects) and tested for interactions between these 
factors for all species combined and for individual bird species, using repeated measures 
analysis of variance (survey day was the repeated factor) and Fisher’s Protected LSD tests 
(Neter et al. 1990, Zar 1996). 
Results
 During 196 avian fixed area count surveys, we observed at total of 6,305 birds, repre-
senting 23 different species. House Sparrows (37%), European Starlings (27%), Mourn-
ing Doves (Zenaida macroura Linnaeus [11%]), and Great-tailed Grackles (7%) were 
the most frequently observed species during the study. Approximately two-thirds (67%) 
of the birds observed during the study were exotic species, whereas the other one-third 
were native. 
 Overall, bird use (abundance) varied (F 4,1900 = 6.38, P = 0.0004) among the five street 
treescapes. The lowest number of birds were observed in Mulga streetscapes, whereas the 
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most birds were found in Shoestring Acacia streetscapes; bird use of Evergreen Elm trees, 
Sissoo trees, and Thornless Mesquite streetscapes was intermediate relative to Mulga and 
Shoestring Acacia (Table 1).
Exotic Bird Species
 House Sparrows were very common and were observed flying in the vicinity of all tree 
species studied (Table 1). House Sparrows were present on or in Evergreen Elm, Sissoo, and 
Thornless Mesquite trees more (F 4,1900 = 13.31, P < 0.0001) than in Mulga and Thornless 
Mesquite streetscapes. 
 The number of European Starlings varied (F 4,1900 = 16.74, P < 0.0001) among the tree 
streetscapes (Table 1). European Starlings used Shoestring Acacia streetscapes exclusively; 
these birds typically fed in the grassy areas beneath these trees and used the acacias as a 
refuge when startled. Although European Starlings were commonly observed flying in the 
vicinity of Mulga trees, they did not use these trees or the ground beneath them. 
 Rock Pigeons were typically observed flying and only rarely observed feeding or resting 
under trees. Pigeons used Mulga, Sissoo, and Thornless Mesquite streetscapes more (F 4,1900 
= 4.45, P = 0.004) than Shoestring Acacia streetscapes (Table 1). 
Native Birds
 Doves were commonly observed during the study (Table 1). Mourning Doves used all 
five exotic tree streetscapes relatively equally (F 4,1900 = 1.29, P = 0.29). Inca Doves were ob-
served almost exclusively (F 4,1900 = 20.18, P < 0.0001) in association with Thornless Mes-
quite streetscapes, using these trees and the ground beneath (Table 1). White-winged Doves 
(Zenaida asiatica Linnaeus) were commonly observed flying within all of the streetscapes 
we studied, but they used only Shoestring Acacias.
 Other birds, such as native songbirds and raptors, were occasionally observed flying, 
beneath, or in the street trees being studied. Verdins (Auriparus flaviceps Sunduvail) 
(F 4,1900 = 1.69, P = 0.17) and raptors (F 4,1900 = 1.87, P = 0.13) used all five streetscapes 
relatively equally. In contrast, Northern Mockingbirds (Mimus polyglottos Linnaeus) 
were more abundant (F 4,1900 = 6.38, P = 0.0004) on or in Evergreen Elms compared to 
the other street trees. Great-tailed Grackle use varied (F 4,1900 = 10.63, P < 0.0001) among 
the streetscapes (Table 1). Great-tailed Grackles used the ground beneath the Shoestring 
Acacia trees for resting and foraging. In addition, our observations suggest Great-tailed 
Grackles also use Evergreen Elm and Thornless Mesquite trees themselves.
Bird Community Diversity
 Avian diversity varied among the five exotic tree streetscapes (Table 2). Overall, the 
avian community associated with Mulga streetscapes had the highest levels of diversity 
(a consistent finding across all four diversity measures). In contrast, the diversity of avian 
communities was lowest within streetscapes comprised of Evergreen Elms (Table 2). Shoe-
string Acacia, Sissoo, and Thornless Mesquite streetscapes had avian communities with 
intermediate diversity relative to Mulga and Evergreen Elm habitats.
Bird Activities
 The proportion of birds (all species combined) flying near (G 4 = 699.7, P < 0.0001), us-
ing the street trees (G 4 = 1499.9, P < 0.0001), and on the ground under or near study trees 
(G 4 = 1083.9, P < 0.0001) varied among the five tree streetscapes. The highest amount of 
local flying occurred near Mulga trees, whereas the ground under Shoestring Acacias was 
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the most used by birds (Fig. 2). Bird use of the trees themselves was highest for Evergreen 
Elm, Sissoo, and Thornless Mesquite trees (Fig. 2).
 A total of 31 bird nests was observed and monitored during our study (Table 3). Seventy-
seven percent (24 of 31 nests) of all bird nests were located in Sissoo trees; 16% (5 of 31) 
were located in Thornless Mesquite trees; and 7% (2 of 31) were located in Evergreen Elms. 
We found no bird nests in either the Mulga trees or the Shoestring Acacia trees. Doves (i.e., 
Mourning Doves and Inca Doves) accounted for two-thirds of the nests, whereas native species 
(overall) accounted for 92% of the bird nests identified to species during the study (Table 3). 
Foraging Guilds
 We found significant variation in the proportion of avian foraging guilds for omnivorous 
ground foragers (G 4 = 4210.2, P < 0.0001), granivorous ground gleaners (G 4 = 831.3, P < 
0.0001), insectivorous air salliers (G 4 = 51.6, P < 0.0001), tree focused foragers (G 4 = 12.1, 
P = 0.02), and other guilds (G 4 = 27.4, P < 0.0001) when comparing across tree streetscapes. 
Although omnivorous ground foragers was the dominant avian foraging guild observed within 
Shoestring Acacia streetscapes, granivorous ground gleaners was the most frequently observed 
avian foraging guild at streetscapes comprised of the other four exotic tree species (Fig. 3). The 
highest proportion of insectivorous air salliers, tree focused foragers, and other guilds were 
found in association with Mulga streetscapes, whereas the composition of avian foraging guilds 
were very similar among Evergreen Elm, Sisso, and Thornless Mesquite streetscapes (Fig. 3).
Landscaping
 We found that, for all birds combined, exotic tree streetscapes with grass landscaping 
(7.61 ± 0.51 birds per 5-minute count) had higher (F 1,194 = 79,29, P < 0.0001) bird use than 
Table 2. Avian diversity indices associated with five exotic tree streetscapes in metropolitan areas of Phoenix, AZ, 
April 2005 through March 2006.






Species richness 13 20 16 10 14
Shannon’s diversity (H’) 0.977 2.123 1.076 1.257 1.533
Simpson’s diversity (1/D) 1.656 5.682 1.927 2.315 2.874
Berger–Parker dominance (BP) 0.772 0.339 0.702 0.631 0.560
Figure 2. Proportion of bird activi-
ties associated with five exotic tree 
streetscapes in metropolitan areas 
of Phoenix, AZ, April 2005 through 
March 2006.
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those with gravel streetscapes (1.42 ± 0.51). European Starlings (F 1,194 = 21.62, P < 0.0001) 
and Great-tailed Grackles (F 1,194 = 10.60, P = 0.001) used Shoestring Acacia streetscapes 
landscaped with grass more than Shoestring Acacia streetscapes with gravel landscaping 
and Evergreen Elm streetscapes. Conversely, House Sparrows (F 1,194 = 62.98, P < 0.0001), 
Rock Pigeons (F 1,194 = 5.67, P = 0.02), Northern Mockingbirds (F 1,194 = 12.26, P = 0.006), 
and Verdin (F 1,194 = 5.26, P = 0.02) all used the Evergreen Elm streetscape landscaped with 
grass more than Shoestring Acacia streetscapes with grass or gravel landscaping and the 
gravel landscaped Evergreen Elm streetscapes. For all other bird species, there was no sig-
nificant difference (all F 1,194 < 2.29, P > 0.13) in their use of the grass and gravel landscaped 
Shoestring Acacia and Evergreen Elm streetscapes.
Table 3. Nests found in the street trees during the study of five exotic tree streetscapes in metropolitan areas 
of Phoenix, AZ, April 2005 through March 2006
Bird Species Number of Nests Number of Active Nests
Mourning Dove 10 2
Inca Dove 6 1
Verdin 3 2
House Finch 2 1
House Sparrow 2 2
Northern Mockingbird 1 0
Unknown bird species 7 1
Figure 3. Proportion of avian foraging guilds 
associated with five exotic tree streetscapes 
in metropolitan areas of Phoenix, AZ, April 
2005 through March 2006.
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 The five exotic tree streetscapes varied in their use by birds of different species and for-
aging guild associations. Several bird species appeared to exhibit clear preferences for one 
or more of these streetscapes, whereas other species used all of the streetscapes relatively 
equally. These findings are consistent with studies of streetscapes in cities located on other 
continents, including Europe (Fernandez-Juricic 2000, Murgui 2007) and Australia (Ikin et 
al. 2013, White et al. 2005, Young et al. 2007).
 With the exception of House Sparrows, few birds used the Evergreen Elm trees them-
selves. House Sparrows used the Evergreen Elms for perching and vocalizing. In addition, 
House Sparrows (granivorous ground gleaner) comprised the vast majority of birds that 
rested and foraged under the Evergreen Elm trees. 
 Thornless Mesquite is the only street tree that was frequently used by Inca Doves. Five 
nests were found in Thornless Mesquite trees, almost all of which were made by Inca Doves 
or Mourning Doves. We suspect the umbrella-like growth form of this tree provides thermal 
and protective cover (i.e., shade) to both birds using the trees (e.g., for nesting) and for birds 
using the ground below. Moreover, birds in this region are adapted to desert environments 
and consequently to desert trees (Green and Baker 2003, Hostetler and Knowles-Yanez 
2003, Litteral and Wu 2012), such as the Velvet Mesquite (Prosopis velutina Wooten) and 
Screwbean Mesquite (Prosopis pubescens Benth.), which are native tree species closely 
related to the Thornless Mesquite.
 Growth habits and other characteristics of the trees themselves, in addition to the land-
scaping components beneath and adjacent to the street trees, influenced the bird use of these 
exotic tree streetscapes in this highly urbanized desert environment. Although the use of 
Shoestring Acacia trees by birds was moderate, European Starlings (omnivorous ground 
forager), Great-tailed Grackles (omnivorous ground forager), Mourning Doves (granivo-
rous ground gleaner), and White-winged Doves (granivorous ground gleaner) frequently 
used the ground beneath most of the Shoestring Acacia trees. The areas under three of the 
four Shoestring Acacia tree streetscapes studied were landscaped with thick stands of cool-
season grasses (e.g., perennial ryegrass [Lolium perenne Linnaeus]) which the birds foraged 
on. In contrast, the Shoestring Acacia trees that were landscaped with gravel (only one of 
the studied streetscapes) were used infrequently by birds. Thus, we suspect much of the 
attractiveness of the Shoestring Acacia streetscapes to birds from a foraging perspective is 
likely due to the grass landscaping rather than the trees themselves. 
 House Sparrows and Mourning Doves used the Sissoo trees for perching, vocaliz-
ing, nesting, and other activities. Most of the nests observed and monitored during our 
study (e.g., those of Mourning Doves, Inca Doves, House Sparrows, and House Finches 
(Haemorhous mexicanus Muller) were located in Sissoo trees. Tweit and Tweit (1986) 
found that Inca Doves only nest in exotic vegetation and not in native plants in urban areas 
within a desert environment. The dense foliage of Sissoo trees likely provides good thermal 
and protective cover, thus making these trees attractive to birds for nesting and other activi-
ties. Interestingly, in their native range Sissoo trees are used by a variety of birds, including 
Columbids and Passerines (Kaur and Kumar 2018).
 Of the five exotic tree streetscapes studied, Mulga streetscapes were used the least by 
birds (in regard to abundance) but these streetscapes had the highest avian diversity. This 
finding is consistent with studies from Australia (where the Mulga is native) where high 
levels of avian diversity are associated with Mulga forests and plantings (Cody 1994, Re-
cher and Davis 1997). The sparse foliage and upright growth form of this tree appears to 
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provide little thermal or protective cover, thus making it unattractive to birds. No birds were 
observed feeding from the flowers or the seeds produced by the Mulga trees. Most observa-
tions of birds associated with Mulga trees were Mourning Doves and Great-tailed Grackles 
forging on sparse amounts of seed-producing grasses beneath the Mulga trees. 
 Urban bird use of exotic tree streetscapes is influenced by the species of street trees 
present as reflected in the composition and diversity of the avian communities observed. 
Avian communities found in these streetscapes were comprised of both exotic and na-
tive species. The growth habits and other characteristics of these exotic street trees, in 
addition to the landscaping components related to them, influenced the bird use of these 
streetscapes in this highly urbanized desert environment. Developers, city planners, 
biologists, and landscape architects who are interested in providing suitable habitat for 
birds, either native species or all species (including exotic species) while simultaneous 
providing a functional, aesthetic streetscape environment in cities (Savard et al. 2000) 
located within arid desert environments could select exotic tree species using the findings 
from our study. 
Acknowledgments
 Valley Metro Rail Inc. and the US Department of Agriculture provided funding and support for 
this study. We thank T.L. DeVault and three anonymous reviewers for helpful comments on this 
manuscript. All applicable international, national, and/or institutional guidelines for the care and use 
of animals were followed. Procedures performed in this study involving animals (i.e., observations) 
were in accordance with the ethical standards of the USDA/APHIS/WS National Wildlife Research 
Center Institutional Animal Care and Use Committee.
Literature Cited
Arizona Municipal Water Users Association. 2004. Landscape plants for the Arizona desert. Arizona 
Municipal Water Users Association, Phoenix, AZ, USA.
Arizona State Climate Office. 2018. Climate of Phoenix Summary.  Accessed online at 
http://azclimate.asu.edu/climate/climate-of-phoenix-summary. Accessed 25 September 2018.
Bibby, C.J., N.D. Burgess, D.A. Hill, and S.H. Mustoe. 2000. Bird Census Techniques. 2nd Edition. 
Academic Press. London, UK. 302 pp.
Brown, D.E. 1994. Biotic Communities: Southwestern United States and Northwestern Mexico. Uni-
versity of Utah Press, Salt Lake City, UT, USA. 342 pp.
Chace, J.F., and J.J. Walsh. 2006. Urban effects on native fauna: A review. Landscape and Urban 
Planning 74:46–69.
Cody, M.L. 1994. Mulga bird communities. I. Species composition and predictability across Australia. 
Australian Journal of Ecology 19:206–219.
Czech, B., P.R. Krausmann, and P.K. Devers. 2000. Economic associations among causes of species 
endangerment in the United States. Bioscience 50:593–601.
DeGraff, R.M., N.G. Tilghman, and S.H. Anderson. 1985. Foraging guilds of North America birds. 
Environmental Management 9:493–536.
Dunnett, N.P., and N. Kingsbury. 2004. Planting Green Roofs and Living Walls. Timber Press. Port-
land, OR, USA. 254 pp.
Emlen, J.T. 1974. An urban bird community in Tucson, Arizona: Derivation, structure, and regulation. 
Condor 76:184–197.
Fernandez-Juricic, E. 2000. Avifaunal use of wooded streets in an urban landscape. Conservation 
Biology 14:513–521.
Fernandez-Juricic, E., and J. Jokimaki. 2001. A habitat island approach to conserving birds in the 
urban landscape: Case studies from southern and northern Europe. Biodiversity and Conservation 
10:2023–2043.
Urban Naturalist
B.E. Washburn, K.A. Hoss, and D.L. Bergman
2020 No. 39
11
Fischer, J., and D.B. Lindenmeyer. 2002. The conservation value of paddock trees for birds in a var-
iegated landscape in southern New Wales. 2. Paddock trees as stepping stones. Biodiversity and 
Conservation 11:833–849.
Gotelli, N.J., and G.L. Entsminger. 2001. Quantifying biodiversity: Procedures and pitfalls in the 
measurement and comparison of species richness. Ecological Letters 4:379–391.
Green, D. M., and M.G. Baker. 2003. Urbanization impacts on habitat and bird communities in a 
Sonoran desert ecosystem. Landscape and Urban Planning 63:225–239.
Grimm, N.B., S.H. Faeth, N.E. Golubiewski, C.L. Redman, J. Wu, and X. Bai. 2008. Global change 
and the ecology of cities. Science 319:756–760.
Hostetler, M., and K. Knowles-Yanez. 2003. Land use, scale, and bird distributions in the Phoenix 
metropolitan area. Landscape and Urban Planning 62:55–68.
Hudson, M.R., and D.R. Bird. 2009. Recommendations for design and management of golf courses 
and green spaces based on surveys of breeding bird communities in Montreal. Landscape and 
Urban Planning 92:335–346.
Ikin, K., E. Knight, D.B, Lindenmeyer, J. Fischer, and A.D. Manning. 2013. The influence of native 
versus exotic streetscape vegetation on the spatial distribution of birds in suburbs and reserves. 
Diversity and Distributions 19:254–306.
Kaur, K., and M. Kumar. 2018. Avian diversity in relation to indigenous trees. Journal of Entomology 
and Zoology Studies 6:1739–1745.
Litteral, J., and J. Wu. 2012. Urban landscape matrix affects avian diversity in remnant vegetation 
fragments: Evidence from the Phoenix metropolitan region, USA. Urban Ecosystems 15:939–959.
Magurran, A.E. 2004. Measuring Biological Diversity. Blackwell Science. Malden, MA, USA. 287 
pp.
McKinney, M.L. 2002. Urbanization, biodiversity, and conservation. Bioscience 52:883–890.
McPherson, G.E., and A.M. Berry. 2015. Climate ready urban trees for Central Valley cities. Western 
Arborist 41:58–62.
McPherson, G.E., A.M. Berry, N.S. Van Doorn, J. Downer, J. Hartin, J, Haver, and E. Teach. 2017. 
Climate-ready tree study–Update for Central Valley Communities. Western Arborist 43:44–51.
Meffert, P., and F. Dziock. 2012. What determines occurrence of threatened bird species on urban 
wastelands? Biological Conservation 153:87–86.
Morris, E.K., C. Tancredi, F. Buscot, M. Fischer, C. Hancock, T.S. Maier, T. Meiners, C. Muller, E. 
Obermaier, D. Prat, S.A. Socher, I. Sonnemann, N. Waschke, T. Wubet, S. Wurst, and M.C. Rillig. 
2014. Choosing and using diversity indices: Insights for ecological applications from the German 
Biodiversity Exploratories. Ecology and Evolution 4:3514–3524.
Murgui, E. 2007. Factors influencing the bird community of urban wooded streets along an annual 
cycle. Ornis Fennica 84:66–77.
Neter, J., W. Wasserman, and M.H. Kutner. 1990. Applied Linear Statistical Models: Regression, Analy-
sis of Variance, and Experimental Design. 3rd Edition. CRC Press, Boca Raton, FL, USA. 1181 pp.
Niinemets, Ü, and J. Penuelas. 2008. Gardening and urban landscaping: significant players in global 
change. Trends in Plant Science 13:60–65.
Pena, J.C., F. Martello, M.C. Ribeiro, R.A. Armitage, R.J. Young, and M. Rodrigues. 2017. Street trees 
reduce the negative effects of urbanization on birds. PLoS ONE 12:e017484.
Perry, R. 1992. Landscape Plants for Western Regions: An Illustrated Guide to Plants for Water Con-
servation. Land Design Press. Claremont, CA, USA. 318 pp.
Phillips, A.R. 1950. The Great-tailed Grackles of the Southwest. Condor 52:78–81.
Ralph, C.J., J.R. Sauer, and S. Droege. 1995. Monitoring Bird Populations by Point Counts. General 
Technical Report, PSW-GTR-149. US Department of Agriculture, Forest Service. Albany, CA, USA.
Recher, H.F., and W.E. Davis, Jr. 1997. Foraging ecology of a Mulga bird community. Wildlife Re-
search 24:27–43.
Savard, J.P.L., P. Clergeau, and G. Mennenchez. 2000. Biodiversity concepts and urban ecosytems. 
Landscape and Urban Planning 48:131–142.
Sodhi, N.S., C. Briffett, L. Kong, and B. Yuen. 1999. Bird use of linear areas of a tropical city: Impli-
cations for park connector design and management. Landscape and Urban Planning 45:123–130.
Urban Naturalist
B.E. Washburn, K.A. Hoss, and D.L. Bergman
2020 No. 39
12
Sokal, R.R, and F.J. Rohlf. 2011. Biometry: The Principles and Practice of Statistics in Biological 
Research. 4th Edition. W.H. Freeman and Company. New York, NY, USA. 937 pp.
Tweit, R.C., and J.C. Tweit. 1986. Urban development effects on the abundance of some common 
resident birds of the Tucson area of Arizona. American Birds 40:431–436.
Vallego, B.M., A.B. Aloy, A. B., and P.S. Ong. 2009. The distribution, abundance, and diversity of 
birds in Manila’s last greenspaces. Landscape and Urban Planning 89:75–85. 
Van der Veken, S., M. Hermy, M. Vellend, A. Knapen, and K. Verheyen. 2008. Garden plants get a 
head start on climate change. Frontiers in Ecology and the Environment 6:212–216.
Washburn, B.E., C.K. Pullins, R. Swearingin, and M. Rice. 2016. Composition and diversity of avian 
communities using a new urban habitat: Green roofs. Environmental Management 57:1230−1239.
White, J.G., M.J. Antos, J.A. Fitzsimons, and G.C. Palmer. 2005. Non-uniform bird assemblages 
in urban environments: The influence of streetscape vegetation. Landscape and Urban Planning 
71:123–135.
Young, K.M., C.B. Daniels, and G. Johnston. 2007. Species of street tree is important for southern 
hemisphere bird trophic guilds. Austral Ecology 32:541–550.
Zar, J.H. 1996. Biostatistical Analysis. Prentice Hall. Englewood, NJ, USA. 662 pp.
